The gross anatomical features, namely stem, blade and petiole and the micromorphological features, trichome, pollen and nutlet of Salvia vermifolia Hedge & Hub.-Mor. (Sect. Aethiopis Bentham, Lamiaceae) were examined using light microscopy (LM) and scanning electron microscopy (SEM). S. vermifolia is a perennial endemic herb growing on igneous and serpentine slopes in Sivas province, Central Anatolia, Turkey. The results obtained from anatomical studies show that the stem is made up of 4-8-layers of collenchyma cells and 1-3-layers chlorenchyma cells. The blade is amphistomatic, bifacial, with 2-3-layered palisade cells on the adaxial. The petiole has three large central bundles and six small subsidiary bundles. Peltate glandular, capitate glandular and non-glandular trichomes are present in S. vermifolia. The peltate glandular trichomes are present in abundance on the calyx and corolla, and capitate glandular trichomes are predominant on the calyx, inflorescence axis, pedicel and stem. The acicular non-glandular trichomes are mainly situated on the calyx, corolla, inflorescence axis and pedicels whereas the floccose nonglandular trichomes are common on both sides of the leaf, inflorescence axis and petiole. The pollen grains are hexacolpate to octacolpate, medium to large (P, polar axis=45.29-62.49 μm; E, equatorial axis=45.32-62.38 μm), oblate-spheroidal to prolatespheroidal (P/E=0.91-1.02) and their exine ornamentation is bireticulate. The nutlets are 2.70-2.90 mm long and 1.90-2.13 mm wide, brown, ovoid-oblong in their outline, rounded-trigonous in transverse section, and their surface is glabrous and colliculate.
Introduction
Salvia L., an economically significant genus of the family Lamiaceae, is widespread group consisting of 1000 species, exhibiting a notable diversity in growth forms, secondary compounds, floral morphology and pollination biology. The genus consists of at least 500 species in Central and South America, 200 species in western Asia and 100 species in eastern Asia [1] . Salvia species are used in traditional medicines all around the world, possessing antibacterial, antioxidant, antidiabetic and antitumor properties [2] . Many Salvia species are used as herbal tea and in food, cosmetics, perfumery and the pharmaceutical industry [3, 4] .
Salvia has been subject to a number of studies based on various data: anatomy [5] [6] [7] [8] , trichome [9] [10] [11] [12] [13] , pollen [7, 8, [13] [14] [15] and nutlet [8, 16, 17] micromorphology. According to the results of these investigations on the genus, stems possess vascular bundles isolated or located next to each other, leaves are amphistomatic or hypostomatic, bifacial or equifacial, and petioles have vascular bundles varying significantly in number. Its vegetative and reproductive organs are covered by glandular and non-glandular trichomes, differing in structure, localization and density. Size, shape and ornamentation of pollen grains and nutlets are useful characters for taxonomic implications of the genus.
Hedge [18] , who made the last comprehensive study of the genus in Turkey, recognized 86 species. Since Palynological studies were carried out on pollen material obtained from the herbarium samples. The pollen slides were prepared according to the Wodehouse [26] technique. For LM studies, thirty pollen grains were observed, measured and photographed using the Leica DM1000 LM. For SEM, the pollen grains were directly placed on aluminum stubs using double-sided adhesive tape and sputter-coated with gold. After that, they were photographed using JEOL-6060 SEM. Pollen terminology of Punt et al. [27] was followed.
Nutlets were first examined by using the Leica S8AP0 stereomicroscope to ensure that they were of normal size and maturity. Thirty mature nutlets were measured in order to determine the average nutlet size. For SEM, mature nutlets were placed on stubs directly, covered with gold and then observed as to their surface sculpturing with JEOL JSM-6400 SEM. The terminology of nutlet surface ornamentation followed Stearn [28] .
Results

Anatomical characteristics of stem, blade, and petiole
In transverse section, the stem was quadrangular in shape. It had a single layer of epidermis covered with a cuticle as well as glandular and non-glandular trichomes. then, six new species have been described and three newly recorded species have been reported from Turkey [8] . Since 2005, as a part of a revised inventory of Salvia in Turkey, the authors have described two new species [19, 20] , one new variety [21] and two newly recorded species [22, 23] . Section Aethiopis Bentham species in Turkey have tubular or campanulate calyces, upper lips of corollas more or less falcate, corolla tubes inside without a ring of hairs, and staminal connectives longer than filaments [18, 24] . Salvia vermifolia Hedge & Hub.-Mor., belonging to the section Aethiopis, is a perennial endemic herb growing on the igneous and serpentine slopes in Sivas province of Central Anatolia, Turkey. S. vermifolia is characterized by linear to linear-oblong leaves, 2-3-flowered distant verticillasters, yellowish-green calyces, and white upper and yellow lower lips of corollas ( Figure 1 ). The gross anatomical and micromorphological properties of the species have not been studied previously. Therefore, it is the aim of this study to examine anatomically the stem, blade and petiole, as well as micromorphologically study the trichome, pollen and nutlet of S. vermifolia employing light microscopy (LM) and scanning electron microscopy (SEM). Anatomical studies were carried out on stems, blades and petioles of the specimens fixed in 70% ethanol. The parts were embedded in paraffin wax and then crosssectioned with a Leica RM2125RT rotary microtome. All the sections were stained with safranin-fast green and then mounted with Canada balsam. Measurements were taken on thirty cross sections per organ, and photographs were taken using a Leica DM1000 LM. Trichomes were obtained manually using commercial razor blades from surfaces of the calyx, corolla, inflorescence axis, leaf, pedicel, petiole and stem and studied with a light microscope. For SEM, these organs were covered with gold and trichomes occurring on them were investigated with JEOL JSM-6490LV SEM. The types, distribution and density of trichomes were described. Trichome terminology followed Metcalfe and Chalk [5] , and Navarro and El Oualidi [25] .
Experimental Procedures
The epidermal cells either were roundish or almost rectangular in shape, with thin walls. The collenchyma cells were found under the epidermis at the corners and was composed of 4-8 layers of either oval or roundish cells (Figure 2a) . The chlorenchyma cells located between the corners, consisted of 1-3 layers of roundish cells. The cortex was made up of 2-6 layers of oval and thin-walled parenchyma cells with intercellular spaces. Vascular bundles were separated by parenhyma cells and those at the corners were larger. Usually number of sclerenchyma cells above the phloem tissue was more than 10. The cambium was hardly visible. The xylem elements covered a larger region than the phloem. The pith was large and comprised hexagonal or orbicular parenchyma cells.
In the transverse section, the leaf was composed of a single-layered epidermis, covered with a cuticle (Figure 2b ). The cuticle was thicker on the abaxial side. The upper epidermal cells were larger than the lower ones. Both epidermal layers consisted of uniseriate, oval or rectangularly shaped cells. The upper and lower walls of the epidermal cells were thicker than the lateral walls. Most of trichomes on both surfaces were non-glandular. The stomata were located on both surfaces and their sizes were 20-23 μm long and 13-17 μm wide. The leaf was bifacial, with 2-3-layered palisade cells on the adaxial side (Figure 2c ). The midrib region -a projecting part-contained 1-2-layered collenchymatous tissue and one or two larger bundles. Its upper side was flat to slightly convex and the lower side was convex.
The petiole was adaxially concave and abaxially convex. The single layered epidermis was composed of both oval and rectangular cells, and the upper and the lower walls of the epidermis were thicker than the lateral walls. Most of trichomes on both the adaxial and abaxial surfaces were non-glandular. 1-2-layers of collenchyma cells were situated under the epidermis. Parenchyma cells were either hexagonal or circular, with abundant intercellular spaces. Sclerenchyma cells were only found below the phloem. Three large vascular bundles were present in the middle, with three more small subsidiary vascular bundles located in each wing (Figure 2d ). The vascular bundles appeared as a shallow arc and were of the collateral type. 
Trichome micromorphology
Two main trichome types on the blade, calyx, corolla, inflorescence axis, pedicel, petiole and stem of S. vermifolia were examined; i.e. glandular and nonglandular trichomes (Figure 3-4) . The glandular trichomes were classified into two types: peltate or capitate. The capitate glandular and non-glandular trichomes were divided into several subtypes. Distribution and density of the investigated trichomes are provided in Table 1 .
Peltate (Figure 3a, 3b, 4b) . The peltate glandular trichomes were common on the calyces and corollas but they were absent on the petioles.
There were two subtypes of capitate glandular trichomes. Type I capitate trichomes were composed of a globose head (20-60 μm in diameter), a neck cell (5-12 μm long) and a unicellular (10-90 μm long) or bicellular stalk (up to 150 μm) (Figure 3c, d) . These trichomes were predominant on the calyces, corollas, inflorescence axes, pedices and petioles. Type II capitate trichomes consisted of an oblong or a pearshaped head (20-35 μm long x 15-25 μm wide) and a unicellular stalk (15-45 μm) (Figure 3e, f) . Only the calyces infrequently contained these trichomes.
The non-glandular trichomes were classified into two subtypes, including unicellular, bicellular and multicellular acicular trichomes (30-600 μm) with papillae on their surfaces ( Figure 4a ) and very long, flattened and adpressed floccose trichomes (Figure 4b) . The acicular trichomes were abundant on the calyces, corollas, inflorescence axes, pedicels and stems. They were lightly distributed on the blades, whereas the petioles did not bear them. The floccose trichomes were so long and intertwined that it was impossible to tell where a single trichome began or ended. These trichomes were common on both sides of the leaves, inflorescence axes and petioles, while they were much less commonly found on the other examined parts.
Pollen Micromorphology
The pollen characteristics of S. vermifolia are summarized in Table 2 . Pollen grains were 6 to 8-colpate, radially symmetrical and isopolar ( Figure 5 a-e). The dimensions of polar axis (P) and equatorial axis (E) were 56.02±4.84 μm and 54.31±4.34 μm, respectively. The ratio of polar axis/ equatorial axis (P/E) was 1.02±0.07 and their shape was oblate-spheroidal to prolate-spheroidal (Figure 5a- 
Nutlet Micromorphology
Nutlets of S. vermifolia were brown, rounded-trigonous in transverse sections and ovoid-oblong in their outline (Figure 6a , b). They were 2.70 (2.82) 2.90 mm long and 1.90 (2.03) 2.13 mm wide. The nutlet surface was glabrous, colliculate and exocarp cells were irregular.
Periclinal walls had small holes (Figure 6c ). 
Discussion
According to Metcalfe and Chalk [5] , stems of the family Lamiaceae species were quadrangular and had collenchyma cells covering a broad area at the corners and sclerenchyma cells surrounding the vascular tissue. Kahraman et al. [7, 13] reported similar anatomical propeties and chlorenchyma cells located in 1 to 4 layers between the corners. In S. vermifolia stems, this study also showed these results and collenchyma cells in 1 to 3 layers. Salvia species studied by Kahraman et al. [7, 8, 28] had bifacial or equifacial, with hypostomatic or amphistomatic leaves, 1 to 4 layers of palisade cells, and significantly variable vascular budles of the petioles. S. vermifolia had bifacial, with amphistomatic leaves, 2 to 3 layers of palisade cells, three large bundles in the center, and six small bundles in the wings of the petioles. S. vermifolia had both glandular (peltate and capitate) and non-glandular trichomes on the parts examined. Hallahan [29] pointed out that peltate trichomes of the Lamiaceae were composed of a broad head of up to 16 cells. The peltate trichomes of S. vermifolia were found to have a head of twelve cells (four central cells surrounded by eight peripheral cells) and were mainly distributed on the calyx and corolla. The capitate ones were abundant in many species of Salvia [10] . S. vermifolia had two types (type I and type II) of capitate trichomes that differ in morphology. These trichome types were observed in S. chrysophylla [13] and S. officinalis [10] ; however, their distribution and density were different. In S. aurea [9] only the type I trichomes were observed. In S. verticillata [11] and S. blepharophylla [30] , only the type II trichomes were found. Unicellular to multicellular acicular non-glandular trichomes found in S. vermifolia were reported in previous studies [9] [10] [11] [12] [13] , but floccose trichomes were never described.
Erdtman [31] classified the Lamiaceae into two subfamilies based on number of apertures and nuclei in the mature pollen grains. The subfamily Nepetoideae had hexacolpate (rarely 8-12 colpate) pollen shed in a three-celled stage and the subfamily Lamioideae had tricolpate pollen shed in a two celled stage and. Cantino et al. [32] revised the classification of certain genera in the Lamiaceae on the basis of palynological features. He also placed the genus Salvia L. within the subfamily Nepetoideae since it had hexacolpate pollen grains. This study showed that S. vermifolia had hexacolpate to octacolpate pollen grains. The pollen was suboblate, oblate-spheroidal or prolate-spheroidal in the Salvia species investigated previously [7, 8, 13, 33] , whereas it was oblate-spheroidal to prolate-spheroidal in S. vermifolia. The pollen grains of S. ballsiana [8] and S. anatolica [33] had suprareticulate and eurireticulate ornamentation, respectively. Our study revealed that S. vermifolia pollen had bireticulate ornamentation. Number of secondary lumina in primary reticulum were less than 10 in S. glutinosa and S. chrysophylla [7, 13] , but usually it was more than 10 in S. vermifolia.
Hedge [16] stated that nutlet surface micromorphology had systematic significance at generic and specific levels. Nutlets of S. sclarea were ca. 3 mm long and 2 mm wide, and those of S. verticillata L. were ca. 2.2 mm long and 1.3 mm wide, reticulate-papillose [16] [17] . Kahraman et al. [8] found that in S. ballsiana nutlets were 4.5-5.3 mm long and 3.8-4.2 mm wide, ovate to round in shape, and had penta-hexangular exocarp cells. In S. vermifolia nutlets were 2.70-2.90 mm long and 1.90 (2.03) 2.13 mm wide, ovoid-oblong, and had colliculate surface and irregular exocarp cells.
